Recent studies implicate the hippocampus in contextual memory retrieval. The present experiments explore this possibility by examining the impact of reversible inactivation of the dorsal hippocampus (DH) on the context-specific expression of extinction. In experiment 1, rats were conditioned to fear a tone conditional stimulus (CS) and subsequently extinguished either in the same context as conditioning or in a novel context. A third group of rats underwent fear conditioning but did not receive extinction. After extinction, conditional fear to the tone CS was assessed in the conditioning context by measuring freezing. Rats extinguished in the conditioning context exhibited low levels of freezing, whereas those extinguished in a different context and those that received no extinction showed high levels of freezing. This indicates that the expression of extinction is context-specific. In experiment 2, the contextspecific expression of extinction was disrupted by infusion of muscimol, a GABA A receptor agonist, into the DH. Rats that received muscimol infusions into the DH showed little freezing to the tone CS, regardless of whether the CS had been extinguished in the testing context or another context. In experiment 3, intrahippocampal muscimol infusions did not disrupt the expression of conditional freezing to the tone CS in rats that did not receive extinction. Thus, muscimol infusion into the DH produced a selective impairment in the context-specific expression of extinction. These results extend findings from other behavioral paradigms and provide additional support for a role for the hippocampus in contextual memory retrieval.
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It is a decades-old maxim in the learning and memory literature that the successful retrieval of a stored memory representation is often contingent on the similarity between the conditions present at the time of learning and those present at the time of retrieval (Spear, 1973; Tulving and Thomson, 1973) . The use of contextual cues for the retrieval of memories plays an important role in memory processes ranging from declarative memory in humans (Maguire et al., 1997) to Pavlovian fear conditioning in animals (Bouton, 1993; Maren and Holt, 2000) . One brain structure that has been implicated in contextual memory retrieval is the hippocampus (Hirsh, 1974; Good and Honey, 1991; Holland and Bouton, 1999) . For example, we have shown recently that contextual retrieval of latent inhibition (LI) is disrupted by reversible inactivation of the dorsal hippocampus (DH) (Holt and Maren, 1999) . In latent inhibition, conditional responding decreases as a result of nonreinforced presentations of the to-be-conditional stimulus [i.e., conditional stimulus (CS) preexposure] before conditioning. The expression of LI is context-specific insofar as the decrement in conditional responding only occurs if CS preexposure and retrieval testing occur in the same context . We found that inactivation of the DH before retrieval testing blocks the context-specific expression of LI (Holt and Maren, 1999) .
Our inactivation study suggests that the hippocampus processes the contextual retrieval cues necessary to disambiguate the conflicting CS-unconditional stimulus (US) and CS-"no event" memories formed in LI. However, an important question is whether the hippocampus is required for memory retrieval in other interference paradigms, such as extinction. In extinction, conditional responding that has been extinguished outside the conditioning context is reestablished when the CS is once again presented in the conditioning context or in a novel context (Bouton and Bolles, 1979) . Insofar as the DH has a general role in contextual memory retrieval (Hirsh, 1974; Maren and Holt, 2000) , our previous results (Holt and Maren, 1999 ) predict a role for the hippocampus in the contextual retrieval of fear memories after extinction.
Two recent studies suggest, however, that the hippocampus is not necessary for the context-specific expression of extinguished fear (Wilson et al., 1995; Frohardt et al., 2000) . In both studies, permanent hippocampal (or fornix) lesions were made before behavioral training and testing. Rats with pretraining hippocampal lesions may adapt other neural systems to the task of contextual retrieval or adopt strategies based on unimodal cues in the context . Therefore, it is critical to use reversible lesions to isolate the role of the hippocampus in contextual memory retrieval after extinction. To this end, we first demonstrated the context specificity of extinction using freezing behavior as a measure of fear in rats. We then showed that inactivation of the DH with muscimol disrupts the contextspecific expression of extinction of conditional fear, without affecting the performance of the freezing response. The results of these experiments extend the findings of Holt and Maren (1999) and suggest a general role for the hippocampus in contextual retrieval of fear memories.
MATERIALS AND METHODS

Experiment 1
Subjects. The subjects were 24 adult male L ong-Evans rats (200 -224 gm) obtained from a commercial supplier (Harlan Sprague Dawley, Indianapolis, I N). After arrival, the rats were housed individually in stainless steel hanging cages on a 14/10 hr light /dark cycle (lights on at 7:00 A.M.) and were allowed access to food ad libitum. After being housed, the rats were handled (10 -20 sec per rat per day) for 5 d to habituate them to the experimenter.
Behavioral apparatus. Eight identical observation chambers (30 ϫ 24 ϫ 21 cm; Med Associates Inc., Burlington, V T) were used in the conditioning phase as "context A." The chambers were constructed from aluminum (side walls) and Plexiglas (rear wall, ceiling, and hinged front door) and were situated in sound-attenuating cabinets located in a brightly lit and isolated room. The floor of each chamber consisted of 19 stainless steel rods (4 mm in diameter) spaced 1.5 cm apart (center-tocenter). Rods were wired to a shock source and solid-state grid scrambler (Med Associates Inc.) for the delivery of footshock USs. A speaker mounted outside a grating in one wall of the chamber was used for the delivery of acoustic C Ss. A 15 W house light was mounted on the opposite wall. The chambers were cleaned with a 5% ammonium hydroxide solution, and stainless steel pans containing a thin film of the same solution were placed underneath the grid floors before the rats were placed inside to provide a distinct odor. Ventilation fans in each chest supplied background noise (65 dB, A scale).
Procedure. Rats were submitted to three phases of training: fear conditioning, extinction, and retrieval testing. For fear conditioning, rats were transported in squads of eight and placed in the conditioning chambers; chamber position was counterbalanced for each squad. The rats received five tone (10 sec; 80 dB; 5 kHz)-footshock (1 sec; 1 mA) trials (70 sec intertrial interval) beginning 3 min after being placed in the chambers. Sixty seconds after the final shock, the rats were returned to their home cages.
T wenty-four hours after the conditioning session, rats were assigned to three groups (n ϭ 8 per group) that were either extinguished to the tone (10 sec; 80 dB; 5 kHz) in the training context (context A; SAM E group) or in a novel context ("context B," see below; DI FF group), or received no tone extinction (NoEX T). Context B consisted of the same chambers used for context A; however, the room lights and chamber houselights were turned off (a pair of 40 W red lights provided illumination). In addition, the doors on the sound-attenuating cabinets were closed, the ventilation fans were turned off, and the chambers were cleaned with a 1% acetic acid solution. To provide a distinct odor, stainless steel pans containing a thin film of this solution were placed underneath the grid floors before the rats were placed inside. The extinction phase lasted 5 d. On each extinction day, each rat spent 38 min in both context A and context B; the order of the context exposure was counterbalanced. In the extinction context, rats received 30 tone C S presentations (10 sec; 80 dB; 5 kHz; 60 sec interstimulus interval) 3 min after placement in the context, whereas in the other context, rats received no tone presentations; rats in the NoEX T group received no tone presentations in either context. Approximately 3-4 hr elapsed between placement in the two contexts each day.
T wenty-four hours after the final extinction session, all rats were returned to context A for retrieval testing. For this test, the tone C S was presented continuously for 8 min; tone onset occurred 2 min after the rats were placed in the chambers. Note that the test context (context A) was the same as the extinction context for one group of rats (SAM E) but different from the extinction context for another group of rats (DI FF).
Fear to the tone C S during the extinction and testing phases was assessed by measuring freezing behavior (Maren, 1998) . Each conditioning chamber rested on a load-cell platform that that was used to record chamber displacement in response to the motor activity of each rat. To ensure interchamber reliability, we calibrated each load-cell amplifier to a fixed chamber displacement. The output of the load cell of each chamber was set to a gain (vernier dial, 8) that was optimized to detect freezing behavior. L oad-cell amplifier output (Ϫ10 to ϩ10 V) from each chamber was digitized and acquired on-line using Threshold Activity software (Med Associates Inc.) . Absolute values of the load-cell voltages were computed. These values were multiplied by 10 to yield a load-cell activity scale that ranged from 0 to 100.
For each chamber, load-cell activity was digitized at 5 Hz, yielding one observation per rat every 200 msec (300 observations per rat per minute). In all experiments, freezing was quantified by computing the number of observations for each rat that had a value less than the freezing threshold (load-cell activity, 5; animals exhibit freezing when load-cell activity is at or below this value). To avoid counting momentary inactivity as freezing, we scored an observation as freezing only if it fell within a contiguous group of at least five observations that were all less than the freezing threshold. Thus, freezing was only scored if the rat was immobile for at least 1 sec. For each session, the freezing observations were transformed to a percentage of total observations. Data anal ysis. For each session, the freezing data were transformed to a percentage of the total observations, a probability estimate that is amenable to analysis with parametric statistics. These probability estimates of freezing were analyzed using ANOVA. Post hoc comparisons in the form of Fisher's PL SD tests were performed after a significant omnibus F ratio. All data are represented as means Ϯ SEMs.
Experiment 2
Subjects. The subjects were 32 adult male L ong-Evans rats (200 -224 gm) obtained and housed as described in experiment 1.
Surger y. One week before behavioral testing, rats were implanted with stainless steel guide cannulas aimed at the DH. Rats were treated with atropine methyl nitrate (ϳ0.03 mg / kg, i.p.), anesthetized with sodium pentobarbital (Nembutal; 65 mg / kg, i.p.), and mounted in a Kopf stereotaxic apparatus (Kopf Instruments, T ujunga, CA). The scalp was incised and retracted, and the head was positioned to place bregma and lambda in the same horizontal plane. Small holes were drilled through the skull for bilateral placement of stainless steel guide cannulas (23 gauge; 10 mm in length; Small Parts Inc., Miami Lakes, FL) into the DH (3.8 mm posterior to bregma, 2.5 mm lateral to bregma, 2.5 mm ventral to bregma) and placement of three jeweler's screws. C annulas were affixed to the skull, and the scalp incision was closed with dental acrylic. After surgery, stainless steel obturators (30 gauge; 10 mm in length; Small Parts Inc.) were placed in the guide cannulas. Obturators were replaced every other day throughout the remainder of the experiment.
Behavioral apparatus. The apparatus used in this experiment was identical to that used in experiment 1. As before, fear conditioning took place in context A. However, in this experiment, extinction and testing were conducted in two novel contexts: context B (as described in experiment 1) and context C. Context C consisted of the same chambers used in experiment 1; however, all of the room lights were turned off. In addition, the ventilation fans in the sound attenuating cabinets were turned off, and the chambers were cleaned with a 100% ethanol solution. White noise was provided by a television playing static (ϳ65 dB). Stainless steel pans containing a thin film of the ethanol solution were placed underneath the grid floors before the rats were placed in the chambers. The only other adjustment was the addition of black Plexiglas floors (26.5 ϫ 19 cm) over the grid floors in context B.
Procedure. Rats were given 1 week after surgery for recovery and then fear-conditioned in context A as outlined in experiment 1. T wenty-four hours after fear conditioning, rats were assigned to one of two groups (n ϭ 16) that were extinguished to the tone (10 sec; 80 dB; 5 kHz) in either context B or context C. (E xtinction context was counterbalanced in all groups.) E xtinction trials proceeded as described in experiment 1, except that extinction lasted 6 d and 4 -5 hr elapsed between placement in the two contexts each day.
T wenty-four hours after the final extinction day, rats were transported to the room in which they would later be inf used to habituate them to the inf usion context. Rats were transported to the laboratory in groups of four in opaque white plastic buckets with pine shavings covering the floor of the buckets. After arrival in the inf usion room, the obturators were removed from the guide cannulas of the rats, and the inf usion pumps were run for 94 sec. One minute after the pumps were turned off, the obturators were replaced in the guide cannulas and the rats were returned to their home cages.
T wenty-four hours after the inf usion habituation, the rats were brought back to the inf usion room in squads of four in the same buckets as the previous day. The squads were completely counterbalanced for both extinction context and inf usion, yielding a total of four groups in a 2 ϫ 2 (extinction context ϫ inf usion) design (n ϭ 8 per group); the groups were called SAM E-muscimol (MUS), SAM E-saline (SAL), DI FF-MUS, and DI FF-SAL and were matched for levels of freezing on the last extinction day. After arrival in the inf usion room, obturators were again removed from the guide cannulas. Stainless steel injection cannulas (30 gauge; 11 mm in length; Small Parts Inc.) connected by polyethylene tubing (PE-20; Small Parts Inc.) to 10 l syringes mounted in an inf usion pump (Harvard Apparatus, South Natick, M A) were placed in the guide cannulas. Rats received an inf usion of sterile physiological saline (0.9%; SAL group) or muscimol (1 g/l dissolved in 0.9% sterile saline; MUS group; Sigma, St. L ouis, MO) at a rate of 0.32 l /min for 94 sec, resulting in a 0.5 l inf usion (i.e., 0.5 g of muscimol per hemisphere). Under these conditions, muscimol inactivates brain tissue within 2 mm of the inf usion site based on measurements of [ 3 H]muscimol binding and 2-deoxyglucose activity (Martin, 1991) . We assume, then, that our inf usion procedure produces a f unctional inactivation of a substantial portion of the DH. After the inf usion pumps were shut off, rats remained in the buckets with the injection cannulas in place for 1 min to allow for diff usion of the drug. The injection cannulas were removed, and obturators were placed in the guide cannula. Rats were then returned to their home cages. After 20 -25 min, the rats were brought back to the conditioning chambers for retrieval testing. Half of the animals were brought to the same context in which they had been extinguished (SAM E group), whereas the other half were tested in the context that was different from the extinction context (DI FF group).
Testing consisted of a continuous tone extinction test as described in experiment 1. Freezing behavior was quantified and analyzed as described in experiment 1. Histolog y. Histological verification of cannula placements was performed after behavioral testing. Rats were perf used across the heart with physiological saline, followed by a 10% formalin solution. After extraction from the skull, brains were post-fixed in 10% formalin solution for 2 d, at which time the solution was replaced with a 10% formalin -30% sucrose solution until sectioning. Sections (40-m-thick) were cut on a cryostat (Ϫ19°C), wet-mounted on microscope slides, and stained with 0.25% thionin for visualization of cannula and injector tracts.
Data anal ysis. Freezing behavior was analyzed as described in experiment 1. Because of technical difficulty, freezing data from the third and fifth days of extinction were not collected.
Experiment 3
Subjects. Subjects were 16 adult male L ong-Evans rats (200 -224 gm) obtained and housed as described in experiment 1.
Surger y and behavioral apparatus. Surgical procedures and behavioral apparatus were as described in experiment 2, except that the Plexiglas floors were removed from context B and placed in context C.
Procedure. Rats were fear-conditioned in context A as described in experiment 1. After conditioning, all rats spent 38 min in both of the contexts (B and C) each day for 6 d. However, no tones were presented to any of the rats in either of the contexts. T wenty-four hours after the sixth day of context exposure, inf usion habituation was performed as described in experiment 2. On the following day, rats were assigned to one of two inf usion groups (n ϭ 8 per group): NoEX T-MUS and NoEX T-SAL. Inf usions and testing were performed as described in experiment 2, with half of the rats in each group tested in context B and the other half tested in context C.
Histolog y and data anal ysis. Histological procedures were as described in experiment 2. Freezing behavior was analyzed as described in experiment 1.
RESULTS
The expression of extinction is context-specific
Extinction of conditional responding occurs when the CS is presented in the absence of the US after conditioning and is marked by a progressive decrement in the degree of conditional response (CR) expression. Previous studies using bar-press suppression as a measure of conditional fear have indicated that the expression of extinction is context-specific (Bouton and Bolles, 1979) . Notably, conditional fear to a CS that has been extinguished outside of the conditioning context can be "renewed" when the CS is again presented in the conditioning context. In the present experiment, we sought to demonstrate the contextual specificity of extinction in this standard two-context design using freezing behavior [somatomotor immobility except for that required for respiration (Fanselow, 1980; Fendt and Fanselow, 1999) ] as a measure of conditional fear. Rats were conditioned to fear an auditory CS in one context and then given CS-alone presentations (i.e., extinction) either in the same context as conditioning or in a novel context. A third group of rats did not receive CS-alone presentations. All rats were then returned to the conditioning context for a retrieval test in which a single nonreinforced CS was presented. We expected that rats extinguished outside the testing context and rats that had not received extinction trials would exhibit high levels of freezing, whereas rats extinguished in the testing context would exhibit low levels of freezing.
Freezing averaged across the first five tone trials during extinction is shown in Figure 1 A. In all experiments, we used the data from the first five extinction trials because it served as a reliable measure of tone freezing that was not confounded by withinsession habituation. NoEXT rats did not receive tone extinction trials and are not displayed. Tone freezing declined significantly across the five extinction days (F (4,56) ϭ 31.3; p Ͻ 0.0001), with no interaction between extinction context and day (F (4,56) ϭ 1.22), indicating that the decrease in freezing was equivalent for animals in both contexts. Twenty-four hours after the last extinction day, the rats were returned to context A for a retrieval test. Figure 1 B shows the tone freezing data during the first minute after tone onset during this test. (For all experiments, freezing during the first minute after tone onset was normalized by subtracting out the pretone freezing level of individual rats.) Freezing among the groups differed significantly during retrieval testing (F (2,21) ϭ 14.51; p Ͻ 0.0001). Post hoc comparisons ( p Ͻ 0.05) indicated that rats in the SAME group froze significantly less to the tone than rats in either the DIFF or NoEXT groups, which did not differ from each other. There were no group differences in freezing during the 2 min before the tone onset (F (2,21) ϭ 2.26; data not shown). Thus, these data demonstrate that the expression of extinction is context-specific.
Dorsal hippocampal inactivation blocks the contextspecific expression of extinction
Insofar as the hippocampus plays a role in the contextual retrieval of memories (Hirsh, 1974; Good and Honey, 1991; Honey and Good, 1993; Holt and Maren, 1999; Maren and Holt, 2000) , it is worthwhile to study the role of the hippocampus in the contextspecific expression of extinction demonstrated in experiment 1. Two studies using permanent hippocampal lesions before training have shown that the hippocampus does not mediate this process (Wilson et al., 1995; Frohardt et al., 2000) . However, by using permanent pretraining lesions, it is impossible to isolate a role for the hippocampus in the retrieval of memories. In the present experiment, we have overcome this problem by reversibly inactivating the DH before retrieval testing (Holt and Maren, 1999) . Muscimol, a GABA A receptor agonist, was infused into the DH, providing us with the opportunity to isolate a temporally specific role for the hippocampus in the retrieval of fear memories after extinction.
In experiment 1, we used the two-context design typically used to demonstrate the context-specific expression of extinction (Bouton and Bolles, 1979; Bouton and Swartzentruber, 1986; . One problem with this design is that context-US associations acquired during training may influence the retrieval of CS-US memories during testing, which occurs in the conditioning context. Thus, in the present experiment, we used a three-context design, which allows the context specificity of extinction to be assessed outside of the conditioning context . Guide cannulas were surgically implanted into the DH 1 week before fear conditioning took place. After fear conditioning in one context (context A), the rats were placed in two distinct contexts (contexts B and C) during extinction training.
During daily sessions, the rats received CS-alone trials in one of these contexts and equivalent exposure without CS presentation in the other context. On the testing day, the rats were tested either in the same context (SAME) as extinction or in the alternate context (DIFF) after bilateral infusions of either muscimol or saline into the DH.
Histology
The photomicrograph in Figure 2 illustrates a representative cannula placement in the DH. Figure 3 represents the injection cannula tip placements for all rats included in the analysis. An unsuccessful infusion resulted in the removal of one rat from the analysis, thus yielding the final group sizes: SAME-SAL, n ϭ 8; SAME-MUS, n ϭ 8; DIFF-SAL, n ϭ 8; DIFF-MUS, n ϭ 7. Cannula placements were symmetrical throughout the rostrocaudal extent of the DH and did not consistently differ across groups.
Placement of the guide cannulas into the DH damaged some cortical tissue and caused compression of hippocampal tissue. This damage was limited to the area immediately surrounding the cannulas. The pattern of results from saline controls in this experiment (see below) did not differ from that of unoperated animals in experiment 1, suggesting that placement of the guide cannulas in the DH had no significant effect on behavior.
Behavior
Freezing averaged across the first five tone presentations during extinction is shown in Figure 4 A. The four test groups were matched for levels of freezing on the last day of extinction, and these groups did not differ in their rates of extinction (F (9,81) ϭ 1.20). During the retrieval test after extinction, muscimol infusions into the DH did not affect the baseline levels of activity of the rats (F (1,29) ϭ 0.49) before tone onset (data not shown). However, muscimol infusions did influence conditional freezing during the retrieval test shown in Figure 4 B. More specifically, hippocampal inactivation disrupted the context-specific expression of extinction; this observation was confirmed by an interaction between context and infusion (F (1,27) ϭ 8.14; p Ͻ 0.01) in the ANOVA. Post hoc comparisons ( p Ͻ 0.05) indicated that DIFF-SAL rats froze significantly more than any other group, with no significant differences among the other three groups. These results reveal that the hippocampus is involved in the contextspecific expression of extinction.
Dorsal hippocampal inactivation does not affect freezing performance
In experiment 2, rats tested after infusion of muscimol into the DH exhibited low levels of conditional responding, regardless of the context in which testing took place. Although this finding is consistent with a role for the hippocampus in contextual retrieval of fear memories after extinction, it is possible that this result could be because of an effect of muscimol on the performance of freezing behavior. Rats with hippocampal lesions display increased motor activity Richmond et al., 1999) . If muscimol infusion mimics hippocampal lesions, then the low levels of freezing observed in animals tested with muscimol in experiment 2 could simply be because of the inability of these animals to perform the freezing CR. Furthermore, muscimol may produce a general impairment in the retrieval of CS memories. This is a concern insofar as the low levels of freezing observed in muscimol-treated rats in experiment 2 may not reflect a contextual retrieval failure per se, but rather a general deficit in memory retrieval. We tested these possibilities in experiment 3. Rats were again trained in one context and then exposed to two novel contexts but were not given CS-alone presentations in either of these contexts. Responding to the tone CS was then measured after infusions of either muscimol or saline into the DH to determine whether muscimol disrupts the performance of the freeing CR.
Histology
Injection cannula tip placements are illustrated in Figure 5 . As in experiment 2, cannula placements were symmetrical throughout the rostrocaudal extent of the DH and did not differ consistently across groups.
Behavior
Conditional freezing during the retrieval test is shown in Figure  6 . Intrahippocampal muscimol infusions had no effect either on the pretone freezing levels of the rats (data not shown) or on levels of conditional freezing to the tone CS. One-way ANOVA revealed no differences in pretone activity (F (1,14) ϭ 1.16; p ϭ 0.3) or freezing during the first minute after tone onset (F (1,14) ϭ 0.057; p Ͼ 0.8) (Fig. 6 ) between muscimol-and saline-infused rats during the tone extinction test. In addition to these findings, Holt and Maren (1999) demonstrated that muscimol infusions into the DH do not disrupt the ability of the rats to discriminate contexts. That is, muscimol-treated rats exhibited high levels of freezing to a context that was paired previously with shock and low levels of freezing to a different context that was not paired with shock. Thus, infusion of muscimol into the DH does not disrupt performance of CS-elicited freezing, the ability to discriminate contexts, or the context-independent retrieval of CS-US associations.
DISCUSSION
In the present experiments, we have used a reversible inactivation technique to examine the role of the DH in contextual retrieval of fear memory after extinction. Experiment 1 demonstrated that the expression of extinction is context-specific using freezing as a measure of conditional fear. In experiment 2, it was shown that the DH plays a vital role in the context-specific expression of Figure 4 . Muscimol infusion into the dorsal hippocampus disrupts the context-specific expression of extinction (experiment 2). A, Extinction to the CS. Mean Ϯ SEM percentage of freezing for the first five CS presentations across the 6 d of extinction in contexts B and C. Extinction commenced 1 d after fear conditioning and was conducted in one of two contexts (context B or C) that were different from the conditioning context (context A). The group labels refer to the treatment conditions imposed during retrieval testing (not during extinction training). This permits an assessment of the extinction performance of each group before the retrieval test. Hence, MUS and SAL refer to infusions that were to be given before retrieval testing (no infusions were made during extinction training). Retrieval testing after extinction training was conducted either in the same context as extinction (SAME) or in a context in which the rats did not receive CS-alone presentations (DIFF). Data were not collected on days 3 and 5 of extinction because of a technical problem. B, Mean Ϯ SEM percentage of freezing during the first minute after CS onset. Rats were tested either in the same context in which extinction took place (SAME, open bars) or in a context in which no CS-alone presentations were given during the extinction phase of training (DIFF, filled bars). Retrieval testing took place 20 -25 min after an intrahippocampal infusion of either muscimol or saline. The retrieval test was conducted after 5 d of exposure to the extinction contexts (contexts B and C) in the absence of CS-alone trials. As before, all rats received fear conditioning in context A. (Eichenbaum and Cohen, 1993) . We would add that representational flexibility also supports the context-specific expression of memory by allowing contexts to index and gate the multiple meanings that a stimulus has acquired. In humans, the role of the hippocampus in contextual memory (Chun and Phelps, 1999) and the retrieval of declarative memories (Eldridge et al., 2000) has recently been supported. This represents convergent validity across different behavioral paradigms and species for a hippocampal role in contextual memory retrieval.
In conclusion, we have demonstrated that the hippocampus is involved in contextual memory retrieval after extinction in a Pavlovian fear-conditioning paradigm in rats. Use of a reversible inactivation technique allowed us to isolate the role of the hippocampus in memory retrieval with a degree of temporal resolution that is impossible with permanent lesions (Lorenzini et al., 1996; Holt and Maren, 1999; Riedel et al., 1999) . Together with the results of Holt and Maren (1999) , we have now demonstrated a role for the hippocampus in the context-dependent retrieval of fear memories in two Pavlovian interference paradigms (Bouton, 1993) . Additional studies are required to understand the generality of hippocampal involvement in contextual retrieval in other behavioral paradigms.
